Ontogenetic changes in habitat are driven by shifting life-history requirements and play an important role in population dynamics. However, large portions of the life history of many pelagic species are still poorly understood or unknown. We used a novel combination of stable isotope analysis of vertebral annuli, Bayesian mixing models, isoscapes and electronic tag data to reconstruct ontogenetic patterns of habitat and resource use in a pelagic apex predator, the salmon shark (Lamna ditropis). Results identified the North Pacific Transition Zone as the major nursery area for salmon sharks and revealed an ontogenetic shift around the age of maturity from oceanic to increased use of neritic habitats. The nursery habitat may reflect trade-offs between prey availability, predation pressure and thermal constraints on juvenile endothermic sharks. The ontogenetic shift in habitat coincided with a reduction of isotopic niche, possibly reflecting specialization upon particular prey or habitats. Using tagging data to inform Bayesian isotopic mixing models revealed that adult sharks primarily use neritic habitats of Alaska yet receive a trophic subsidy from oceanic habitats. Integrating the multiple methods used here provides a powerful approach to retrospectively study the ecology and life history of migratory species throughout their ontogeny.
Ontogenetic changes in habitat are driven by shifting life-history requirements and play an important role in population dynamics. However, large portions of the life history of many pelagic species are still poorly understood or unknown. We used a novel combination of stable isotope analysis of vertebral annuli, Bayesian mixing models, isoscapes and electronic tag data to reconstruct ontogenetic patterns of habitat and resource use in a pelagic apex predator, the salmon shark (Lamna ditropis). Results identified the North Pacific Transition Zone as the major nursery area for salmon sharks and revealed an ontogenetic shift around the age of maturity from oceanic to increased use of neritic habitats. The nursery habitat may reflect trade-offs between prey availability, predation pressure and thermal constraints on juvenile endothermic sharks. The ontogenetic shift in habitat coincided with a reduction of isotopic niche, possibly reflecting specialization upon particular prey or habitats. Using tagging data to inform Bayesian isotopic mixing models revealed that adult sharks primarily use neritic habitats of Alaska yet receive a trophic subsidy from oceanic habitats. Integrating the multiple methods used here provides a powerful approach to retrospectively study the ecology and life history of migratory species throughout their ontogeny.
Introduction
Ontogenetic changes in habitat use and trophic ecology are ubiquitous in the natural world [1] , and often reflect a shift in life-history priorities, from a juvenile strategy that maximizes growth and survival [2] to an adult strategy that includes reproduction [3, 4] . Historically, studying pelagic species throughout ontogeny has been difficult given their migratory nature and inaccessibility of their habitat, leaving large portions of their life history poorly understood or unknown [5] . This lack of information about early life history and ontogenetic shifts in habitat is a concern given that juvenile survivorship and recruitment is vital in maintaining the health of populations of long-lived marine species, including elasmobranchs (sharks, skates and rays) [3, 6] . Given the vulnerability of pelagic elasmobranchs to overexploitation, the general worldwide decline in elasmobranch populations [7] and their importance as apex predators [8] , obtaining information on ecology of pelagic elasmobranchs throughout their ontogeny is critical for their conservation and management.
Salmon sharks (Lamna ditropis) are endothermic, apex predators in North Pacific ecosystems. Large salmon sharks are highly migratory, ranging from subtropical to subpolar waters [9] , and smaller sharks are generally found in the southern extent of their range [10] . Two salmon shark nursery areas have been hypothesized to exist in the eastern North Pacific (ENP). One extends across the North Pacific in the North Pacific Transition Zone (NPTZ) and the other encompasses the California Current from British Columbia, Canada to Baja California, Mexico [11, 12] . The relative importance of each nursery area is unclear.
Changes in the distribution of salmon sharks and other pelagic species over their life history have important conservation and management ramifications. Ontogenetic changes in habitat use would lead to varying degrees of vulnerability to fisheries or natural mortality. For example, prior to the 1992 ban on pelagic driftnets, high levels of bycatch of young salmon sharks were common in the high seas fisheries along the NPTZ [10, 12] with potentially important direct impacts on salmon shark populations and indirect effects on North Pacific ecosystems.
The stable isotope composition of an organism's tissues is a reflection of its diet and environment [13] . Some accretionary structures, such as otoliths, vibrissae, baleen, feathers and shark vertebrae [14, 15] , are continuously growing, metabolically inert tissues that reflect the diet of the organism at the time of tissue synthesis, providing a continuous time series of diet and environment. Serially sampling accretionary structures for stable isotope analysis (SIA) or other biogeochemical tracers is an approach that can be used to study shifts in diet and habitat throughout the entire life history of individual animals, including sharks [14, 16] .
The stable isotope composition of primary producers varies spatially based on differences in oceanographic and biogeochemical processes [17, 18] , and these differences are propagated through local food webs such that consumers isotopically resemble the food webs in which they feed [17] . Therefore, the stable isotope compositions of different food webs provide the context within which a consumer's stable isotope composition can be used as tracers of habitat use, especially in migratory species [19] [20] [21] . This approach has been used to understand movements in marine organisms including marine mammals [22, 23] , seabirds [24] , teleosts [25] and elasmobranchs [26] . The broad distribution of salmon sharks extends across several biogeographic provinces in the ENP [27] . Variability in oceanographic and biogeochemical processes [28] drives differences in baseline stable isotope values among these provinces [17] . This isoscape over which salmon sharks migrate and forage allows the stable isotope composition of their tissues to be used to discern broad-scale patterns of ecoregion use.
The goal of this study was to create an ontogenetic time series of d
C and d

15
N recorded in the vertebral annuli of salmon sharks to identify and understand ontogenetic patterns of habitat use. These time series were then used to: (i) elucidate the relative importance of different nursery areas; (ii) estimate the relative importance of different ecoregions to salmon sharks across their life history using Bayesian isotope mixing models and electronic tag data; (iii) identify shifts in resource use with age; and (iv) understand the variability in the breadth of resources used across the ontogeny of salmon sharks. table S1 ) and stored frozen. Owing to the preponderance of females in the ENP [10] , females comprised the bulk of the specimens collected. Sagittal sections (4 mm thick) were cut from each vertebra using a low-speed saw with diamond blades and then polished with a Buehler Ecomet III lapping wheel using 600 and 800 mm grit silicon-carbide wet/dry sandpaper. Sections were air-dried and images captured using a Leica dissecting microscope with an attached Spot RT video camera. Annuli (annual growth bands) were independently counted by two of the authors (A.B.C. and K.J.G.), and assessments compared and agreed upon.
Material and methods
Tissue from each annulus, including inside the birthmark representing in utero growth (age U), was collected using a New Wave micro-mill with an 800 mm Brassler carbide dental drill bit. Because the amount of tissue available in a single annulus was limited, each annulus was sampled from both adjacent arms of the corpus calcareum (electronic supplementary material, figure S1 ). Samples were decalcified using EDTA following Kim and Koch [29] . As salmon sharks deposit growth bands annually [11] and the annuli of Lamna have been shown to be metabolically inert [30] , the stable isotope composition of each annulus represents a record of diet and movements integrated over an entire year (electronic supplementary material). We refer to all samples for a particular age as 'year class x' or 'age x' sharks. Because annuli narrow as growth slows [31] , it was difficult to collect enough tissue from older ages (approx. 11þ years), so the number of annuli sampled from each individual does not necessarily equal that individual's age.
In addition to analysing adult salmon sharks, vertebral samples were collected from 31 age 0 juveniles (hereafter referred to as California juveniles) stranded on beaches in Central California and Oregon between 2006 and 2010 and stored frozen. All material outside the vertebral birthmark was removed for analysis and, because tissue was not limited, decalcified using 0.25 N HCl [32] . All samples were analysed at the Stable Isotope Laboratory at University of California Santa Cruz using an elemental analyser coupled to an isotope ratio mass spectrometer (Delta XP-EA, Thermo-Finnagen IRMS) (electronic supplementary material).
(b) Isotopic characterization of salmon shark habitats
The range of salmon sharks in the ENP was divided into ecoregions based on the biogeographic provinces defined by Longhurst [28] (figure 1). These regions include the Alaska Coastal Downwelling Province (hereafter referred to as Alaska or AK), California Current Province (California or CA), Pacific Subarctic Gyre Province (Subarctic Gyre or SAG), North Pacific Polar Front Province, which is analogous to the NPTZ, and the Pacific Tropical Gyre Province (Subtropical Gyre or STG). Owing to a lack of data from the NPTZ, we were unable to isotopically characterize this province, and it was combined with the SAG to create the SAGTZ ecoregion. Because CA and AK ecoregions contain neritic habitats, we refer to them as neritic ecoregions (although they do contain pelagic habitats) and STG and SAGTZ as oceanic ecoregions.
We collected all published stable isotope values for known salmon shark prey identified in the literature [10,33 -35] (electronic supplementary material, table S2) and grouped them based on the ecoregion within which the samples were collected. These values were used to calculate a mean + s.d. stable isotope value for each ecoregion. Only values from species that are representative of known salmon shark prey that might be consumed in each ecoregion were used. By using the mean value of all potential prey species, we are assuming sharks are generalists across their range and ontogeny. Although there is evidence of dietary specialization within particular ecoregions, seasons and age classes, the information cannot be applied across all ecoregions and ages and are likely not relevant at the annual time scale at which annuli integrate dietary information (electronic supplementary material).
(c) Analysis
To identify ontogenetic shifts in resource use, we used the Bayesian mixing model MIXSIR v. 1.0.4 [36] to estimate the relative contribution of ecoregions to each year class. The model was run for each year class using discrimination factors (4.2 + 0.7 for carbon, 2.5 + 1.1 for nitrogen) from leopard shark vertebrae [16] and uninformative priors. Results using uninformative priors reflect the relative contribution of prey from a given ecoregion, regardless of whether an individual is foraging within that ecoregion or is consuming migratory prey originating from another region. Hence, model results are an estimate of the net contribution of different ecoregions to salmon shark diets and may not primarily reflect time spent in regions. To integrate known patterns of ecoregion residency based on tagging studies, we also ran the model using informative priors based on electronic tagging data [36] . Integrating tagging data resulted in a more refined a posteriori model that better reflect patterns of ecoregion residency.
Between 2002 and 2009, female salmon sharks in Port Gravina, Prince William Sound, Alaska, were tagged with satellite tags as part of the Tagging of Pacific Predators (TOPP) programme [37] , resulting in 44 one-year-long or longer SPOT tracks (Smart Position or Temperature Transmitting tags, Wildlife Computers) that lasted from one winter to the next, corresponding to the period of deposition of one vertebral annulus [11] . The proportion of time each shark spent in each ecoregion was calculated. A Dirichlet distribution was fit to the distribution of time sharks spent in each ecoregion following Moore & Semmens [36] , and the resulting a values were used to define prior information regarding the relative contribution of ecoregions based on time spent in each ecoregion (electronic supplementary material, figure S2 ). Because tag data were all from older sharks (ages 8þ), the mixing model using informative priors was only used for ages 8þ. Satellite tracking revealed that tagged salmon sharks spent the majority of their time in AK (mean 56%, median 56%, interquartile range (IQR) 28-71%), with 20% of tagged sharks spending more than 90% of their time in AK. Sharks spent less, but relatively similar, amounts of time in CA (mean 23%, median 6%, IQR 0-45%) and SAGTZ (16%, 10%, 1-23%) and the least time in the STG (5%, 1%, 0-9%). Overall, time spent in AK CA SAGTZ . STG (electronic supplementary material, figure S2 ).
We used discriminant analysis (SYSTAT v. 10.2), to classify age 0 sharks (n ¼ 20) to one of two known nursery areas, the NPTZ and California Current. We used isotopic values of annuli for year class 1 and 2 (n ¼ 39) from adult vertebrae to represent use of an oceanic nursery, hence the NPTZ [12] , based on the high contribution from oceanic resources to these year classes from the mixing model (see Results). California juveniles were used to represent the California Current nursery because they were sampled in that ecoregion and their isotopic signatures were distinct from the NPTZ nursery group (age 1 and 2 sharks) and similar to neritic ecoregions (electronic supplementary material, figure S4 ). To investigate the timing of ontogenetic shifts, discriminant analysis was also used to classify sharks of intermediate ages (age 3-9) to either juvenile or adult habitats. For this analysis, we again used age 1 and 2 sharks (n ¼ 39) to characterize juvenile habitat. Because all female salmon sharks are mature by age 10 [11], we used data for age 10þ (n ¼ 38) to characterize adult habitat. Through classification (ages 3-9) or a reclassification (ages 1-2, ages 10þ), all data for each year class were categorized as belonging to the adult or juvenile habitat group. A logistic regression model (Matlab R2009b) was then fit to the binomial classification data to identify when sharks transitioned from juvenile to adult habitat.
To examine how isotopic niche width may change ontogenetically, the standard ellipse area corrected for sample size (SEA c ), implemented using SIBER [38] , was calculated for each year class. This area represents an estimate of the core isotopic niche for each year class, and we hereafter refer to this metric as the isotopic niche. We did not attempt to account for ontogenetic shifts in trophic level in our analyses as all available information indicates that salmon sharks feed at a relatively consistent trophic level throughout their ontogeny (electronic supplementary material).
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Results
A total of 251 annuli were sampled from 20 adult salmon sharks (18 F, 2 M, mean 185.6 cm, precaudal length +6.5 s.d.; electronic supplementary material, table S1) with a maximum of 14 annuli sampled from each vertebra, not including tissue sampled from inside the birthmark. Some annuli were lost during decalcification due to lack of tissue.
There was a clear ontogenetic shift in d N ecoregion values are concordant with differences in primary production and biogeochemical and oceanographic processes across the different ecoregions [18, 28, [39] [40] [41] .
Mixing model results showed an ontogenetic shift in salmon shark habitat ( figure 3 ; electronic supplementary material, figure S3 ). CA, AK and SAGTZ contributed roughly equivalent amounts to age U sharks, with STG contributing the least (figure 3; electronic supplementary material, figure  S3 ). During juvenile years (age 1 to age 6), sharks primarily used STG and SAGTZ resources. Neritic ecoregions (AK and CA) contributed relatively little to salmon sharks until around age 7, at which point the contribution of these two regions started to increase.
The relative contribution of different ecoregions to older year classes (age 8þ) varied based on whether uninformative or informative priors were used; yet, the overall pattern remained consistent, with AK and SAGTZ having the greatest contribution (figure 3b). Using uninformative priors, AK and SAGTZ contributed most and CA and STG contributed a lower amount (figure 3b; electronic supplementary material, figure S3 ). Using informative priors, the contribution of AK was greatest, the contribution of CA and SAGTZ were roughly equivalent, and the STG contributed little. Overall, this represents an ontogenetic shift in primary salmon shark habitat from oceanic ecoregions (STG and SAGTZ) during early life to increased utilization of neritic resources (AK and CA) as adults (figure 3c).
(b) Discriminant analysis
Discriminant analysis showed a significant difference between isotopic values of the two nursery groups (squared canonical correlation ¼ 0.69, eigenvalue 2.18, Wilks' l ¼ 0.32, F 2,56 ¼ 60.97, p ¼ 0), with a high degree of reclassification success (90% CA, 100% NPTZ for both reclassification and jackknife validation). Six age 0 sharks (30%) were classified to the California Current nursery and 14 age 0 sharks (70%) to the NPTZ nursery (electronic supplementary material, figure S4 ).
Discriminant analysis suggests that salmon sharks shift from juvenile oceanic habitats to adult neritic habitats around age 6 
(c) Isotopic niche
An ontogenetic shift in isotopic niche area was also apparent (figure 4). For the first several years (age 0-4), niche area was relatively large, with age 5 having the largest area (figure 4, inset), representing use of a wide range of resources (e.g. habitat and diet). Following age 5, niche area declined and was relatively consistent and small in ages 8þ, suggesting a decline in diversity of resources used. Age U sharks had niche areas similar to the oldest age classes.
Discussion
Stable isotope analysis of shark vertebrae, Bayesian isotope mixing models, isoscapes and electronic tag data were used to reconstruct ontogenetic patterns of habitat and resource use in a pelagic shark for the first time, revealing new insights into the life history of the salmon shark, including insight into their early life history and ontogenetic shifts in habitat and isotopic niche width. This integrative approach provides a framework that can be used to retrospectively study the early life history and ontogenetic shifts in habitat of highly mobile and wide ranging elasmobranchs, or other species with serially accreting structures, providing valuable insight into the life history of difficult to study and increasingly threatened pelagic elasmobranchs [7] .
(a) Nursery and juvenile habitats
Mixing model results indicated that juvenile salmon sharks primarily used oceanic resources ( figure 3 ). This suggests that stable isotope composition of juvenile sharks reflects use of the NPTZ nursery. The NPTZ is a dynamic and productive oceanic region bounded by the subarctic and subtropical frontal zones that has been shown to be an important foraging area and migratory corridor for a variety of pelagic predators [42] , including juvenile salmon sharks [12, 35] . rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20141446 Nakano & Nagasawa [12] noted that juveniles are most abundant in 14-168C waters of the NPTZ, which is characteristic of habitats north of the transition zone chlorophyll front (TZCF), and rarely occur to the south. The TZCF, a major feature of the NPTZ, is a sharp transition in chlorophyll concentration which separates the more productive subarctic gyre from the oligotrophic subtropical gyre [42] . This front annually shifts as much as 108 in latitude through the NPTZ [43] and is tightly coupled with the 188C surface isotherm [44] . Some annuli with the lowest d [46, 47] . This suggests that an individual residing exclusively within the NPTZ could be foraging across a strong gradient in baseline stable isotope values. Thus, location of foraging relative to the TZCF and movement of prey across this dynamic boundary could play an important role in determining the isotopic composition of juvenile salmon sharks. Our results indicate that the NPTZ is the primary nursery area for salmon sharks in the ENP. A smaller proportion of age 0 sharks (30%) were assigned to the California Current nursery, and by age 1 these sharks had shifted to the oceanic nursery area where they remained for several years. Historically, juvenile salmon sharks were caught in high numbers in the open ocean driftnet fisheries for salmon and flying squid in the NPTZ [10, 12, 33] , with estimates ranging as high as 100 000 individuals caught annually as bycatch [10] . This high level of mortality would be of concern for the salmon shark population, given the great importance of juvenile survivorship to population growth rate [48] . However with the 1992 ban on pelagic driftnets, this source of mortality was greatly reduced [49] . It is hypothesized that use of nursery areas by juvenile sharks is generally related to increased prey availability and/or a reduction in predation [2, 33] . The NPTZ is a productive pelagic habitat and likely provides an abundant prey field for young salmon sharks [42] . However, there is increasing evidence that many elasmobranchs use nurseries to reduce predation [50, 51] , especially from larger sharks [52] . Nagasawa [33] suggested that juveniles in the NPTZ may experience reduced rates of predation from other shark species, such as adult blue sharks (Prionace glauca) and mako sharks (Isurus oxyrinchus), which are generally more southerly distributed.
However, as an endothermic shark, the distribution of salmon sharks may be uniquely influenced by temperature. Along with porbeagles (Lamna nasus), salmon sharks are the most endothermic of all the lamnid sharks [53] . The extensive anatomical and physiological adaptations that salmon sharks possess allow adults to defend a specific body core temperature despite large fluctuations in ambient temperature [54] . However, little is known about how endothermic capacity changes during ontogeny. The salmon shark's red muscle is specialized to function at elevated temperatures between 20 and 308C [55] , and rapidly loses function as it cools to temperature below 208C. The inability to conserve heat and maintain an elevated body core temperature could have significant consequences in endothermic sharks.
Because thermal inertia of sharks will change with size [54] , small salmon sharks with a high surface area to volume ratio may be restricted to habitats of more moderate temperature ranges until they attain a mass where heat production and loss can be balanced in order to maintain an optimal body core temperature. Within the NPTZ juvenile salmon sharks can experience consistent moderate thermal conditions by migrating latitudinally with the TZCF. This would provide juvenile salmon sharks with a relatively consistent thermal habitat, high concentration of food resources [42] and low predation risk [12] .
The California Current is highly productive [28] , and though there are more prey, there likely are more potential predators as well, including a variety of large pelagic and coastal shark species. Additionally, as an eastern boundary current CA experiences seasonal upwelling, which can drop temperatures as low as 3 -48C below normal [56] , suggesting that it may present a more thermally challenging environment. Small numbers of juvenile salmon sharks consistently strand along the west coast of North America [57] , generally during periods of upwelling. This suggests that thermal factors may play a role in many of these strandings (AB Carlisle 2014, unpublished data). Indeed, several pelagic species in the California Current are known to migrate in response to upwelling [37] . Thus, the NPTZ may represent a trade-off between prey availability, predation pressure and thermal conditions for salmon sharks.
(c) Shift to adult habitat and adult habitat use Although ontogenetic shifts in habitat have been well studied in coastal elasmobranchs [3, 52] , these shifts are less well described in pelagic species. Our results showed a general ontogenetic shift from use of oceanic habitats to increased use of neritic habitats. Blue sharks exhibit an ontogenetic shift in distribution, with juveniles being primarily found at higher latitudes than adults [12] . North Pacific spiny dogfish (Squalus suckleyi) live in mid-water, offshore habitats as juveniles and transition to neritic, demersal habitats as adults [58] . White sharks exhibit the opposite pattern as salmon sharks, shifting from coastal juvenile habitats [59] to increased use of oceanic habitats as they mature [19, 60] .
Our results indicate that salmon sharks primarily use oceanic habitats until approximately age 6 and then increasingly use neritic ecoregions. The timing of the shift corresponds with the onset of maturity for female salmon sharks (6-9 years) [11] and with the minimum reported age of salmon sharks in Alaska. The smallest shark measured and tagged rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20141446 by the TOPP programme [37] in Prince William Sound, AK was estimated to be 6 years old, and Goldman & Musick [11] reported that the youngest shark aged from Alaskan waters was 5 years old (electronic supplementary material, figure S6 ).
Once adult salmon sharks begin to use neritic ecoregions, they may become more specialized on particular habitats or prey as demonstrated by the reduction in isotopic niche in the oldest year classes. Older salmon sharks exhibit a high degree of site fidelity to particular neritic habitats [37] and exhibit consistent patterns of habitat use in neritic regions [61] , suggesting consistent foraging behaviour which may reduce the breadth of resources used. For example, salmon sharks exhibit a high degree of site fidelity to Prince William Sound, AK, where they aggregate in the summer to forage extensively on large concentrations of Pacific salmon gathering at the mouths of their natal rivers [34] . This type of consistent behaviour may help to account for the reduced isotopic niche in adult sharks, and although an increase in dietary niche breadth is often associated with increased size in elasmobranchs and other predatory fish [3] , niche contraction has been documented as larger individuals become more specialized on particular prey [62] .
The ontogenetic shift in habitat may play a role in reducing competition with younger conspecifics, as has been noted in other elasmobranchs [63] , or reflect changes in energetic requirements or endothermic capacity. The fact that the shift corresponds with age at maturity suggests this change may be related to reproduction. For female salmon sharks, with maturity comes the increased energetic demands associated with reproduction, so use of productive neritic habitats may increase the availability of resources necessary for reproduction [64] . Additionally, by the time they reach maturity, salmon sharks are likely large enough to have the thermoregulatory capacity to exploit colder, more dynamic and productive coastal waters while maintaining their elevated body temperatures.
(d) Incorporation of satellite tag data into mixing models
Incorporating electronic tag data into mixing models helped disentangle the interactive effects of shark migrations and movements of their prey, or more generally to unravel the influence of the provenance of resources used by sharks from where sharks actually feed. Integrating movement data with SIA helped elucidate the relationship between time spent in a region and amount of feeding within that region, as has been done with white sharks [19] . Uninformative mixing model results appear to provide a reasonable estimate of the net contribution of different ecoregions to adult salmon sharks, independent of shark movements.
The increased importance of oceanic resources to large salmon sharks in the uninformative mixing model results may reflect movements of prey from oceanic habitats to neritic habitats. Despite many sharks spending the majority of their time in Alaska, salmon sharks likely receive an important trophic subsidy from offshore waters in the form of migratory prey. Pacific salmon mature in oceanic habitats and reflect SAGTZ resources [65] . The salmon targeted by salmon shark foraging aggregations in coastal Alaska [34] are likely an important seasonal source of energy and would represent an important trophic subsidy from oceanic waters to salmon sharks in neritic habitats. Therefore, salmon sharks occurring in AK may be using both AK and SAGTZ resources despite spending most of their time in AK, in effect integrating resources from across the North Pacific while spending the majority of their time within Alaskan waters.
Our results demonstrate that retrospective SIA can be used to reconstruct broad-scale patterns of habitat and resource use for highly migratory pelagic species throughout their ontogeny. Knowledge of ontogenetic patterns of habitat use, in conjunction with an understanding of the relative importance of survivorship of different age classes to population growth rate and persistence, is crucial for effective management of these long-lived species. For salmon sharks, population growth rates are most sensitive to juvenile survivorship. Hence, management efforts that reduce juvenile mortality in the NPTZ, which we demonstrated as their primary nursery habitat, are crucial for population persistence. As the persistence of other species may be sensitive to mortality at other life stages, our results emphasize the need to broaden our understanding of the habitat use patterns of highly migratory species across all life stages in order to guide their successful management.
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